THE TRACKING TAG WILL
RECORD THE SHARK'S
MOVEMENT AND HARITS.

THEN, IT WILL. POP
FREE AND FLOAT

TO THE SURFRCE.

WE CANT AFFORD A
RECOVERY PROGRAM,
SOTHE CAPSULES WILL
INFLATE. HELIUM BALLOONS,
ORIFT OVER LAND,

AND HOPERILLY BE
FOUND AND MAILED To US.
ANY QUESTIONS?
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Ecological Forecasts: An Emerging Imperative

James S. Clark,'* Steven R. Carpenter,” Mary Barber,> Scott Collins, Andy Dobson,” Jonathan A. Foley,°

David M. Lodge,” Mercedes Pascual,® Roger Pielke Jr.,° William Pizer,'® Cathy Pringle,’” Walter V. Reid,’?
Kenneth A. Rose,’? Osvaldo Sala,'* William H. Schlesinger,’> Diana H. Wall,'® David Wear'”

"“THE PROCESS OF PREDICTING THE STATE OF
ECOSYSTEMS, ECOSYSTEM SERVICES, AND
NATURAL CAPITAL, WITH FULLY SPECIFIED
UNCERTAINTIES, AND IS CONTINGENT ON
EXPLICIT SCENARIOS FOR CLIMATE, LAND el
_USE, HUMAN POPULATION, TECHNOLOGIES, '
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Syntax is field-dependent Forecasting end goals and products
& terms are used interchangeably. are highly variable.

Decision support A preciction and

The use of common forecasting : its associated uncertainty...
: , : Theory advancement px
terminology is increasing.

1 l “w System understanding
) ! Methods

Scientific literature - Google trends development

So, what is a forecast?

N

The frequency of terms varies by field.

Mathematics B N { ... about an out-of-sample
Economics & finance I I A state of a system...

Ag. & biological sciences =B | ‘ / * g F Pl
/) LIRS

% of papers ,
pap LV

Terms are often used interchangeably, | Ti-me Spacé Coritext
which creates confusion. >
' Synonymous , .. made by combining models

usage with YV and data

other terms

Unified terminology in ecoforecasting is crucial for improving communication,
collaboration, and application across scientific, social, and policy-making domains
Sjodin, Stokes, et al. in review amidst rapid environmental change.




PROJECTION PREDICTION

"PROBABILISTIC STATEMENT
THAT IT IS POSSIBLE THAT
SOMETHING WILL HAPPEN IN
THE FUTURE"” GIVEN BOUNDARY
CONDITION SCENARIOS

"PROBABILISTIC STATEMENT
THAT SOMETHING WILL HAPPEN
IN THE FUTURE BASED ON WHAT
IS KNOWN TODAY"”

NINO3.4 SS1 anomaly plume
ECMWEF forecast from 1 Feb 2010

Monthly mean aron abes relative © HCEF adjusied O1v2 1971 -2000 cimataiogy

CMIPS models, RCP scenarios

— Historical (42)

— RCP 2.6(26)
RCP45((32)
RCP6.0(17)

— RCP 85 (30)
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WHY
FORECAST?



CLIMATE CHANGE

Statlo n a rlty IS D ead : Climate change undermines a basic assumption

that historically has facilitated management of

. | B2 2 t lies, demands, and risks.
Whlther walG| Mac?a me t water supplies, demands, and risks
P.C. D. Milly,"™ Julio Betancourt, Ii}{l%e‘n':nark,y\(?bert : }:c\, igniew W.

Kundzewicz,’® Dennis P. Lettenmaier,® Ronald J. Stouffe
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NASA Carbon Monitoring Stakeholder Survey
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FORECASTS ARE
QUANTITATIVE,
SPECIFIC, &

Scientific method
cycle

W

Current State .Future state .Observations

Dietze et al 2018 PNAS

Figure: T. McCabe



Forecasts are a priori

1S THERE A

REPRODUCIBILITY
LRISES?

A Nature survey lifts the lid on
how researchers view the ‘crisis’
rocking science and what they
think will help.

BY MONYA BAKER

1,576
RESEARCHERS SURVEYED

and out-of-sample
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Annual land flux (PgCyr)
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Friedlingstein et al 2014



AGB (MgC/ha)

22

20

Improvement requires feedback

Forecast Step Analysis Step

2: Forecast

1: Initial State
4: Updated State




NCEP Operational Forecast Skill

36 and 72 Hour Forecasts @ 500 MB over North America
[100 * (1-S1/70) Method]

—— 36 Hour Forecast —— (2 Hour Forecast

1 1 1 1 1 1 ] 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 | ' ' ' | 1 | J | | 1 1 1 | | 1 1 | 1 | | 1 1 1 1 | | | 1 1 1 1 | |

1355 1360 1963 1970 1975 1980 1985 19590 1995 2000 2003

MNCEP Central Operations January 2007
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Model

QO | Assessment %
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0 IE=®  Cycle p

Hypotheses

>

Inputs Models
Parameters
—  _Scenanlbs

gcenarios

AsSsess &
Evaluate

Adaptive
- Management
Decision Cycl e

Integrate Info,

\irade-oﬁs

Generate
Alternatives

Dietze et al 2018 PNAS https://doi.org/10.1073/pnas.1710231115




Time

w—  Prior
- Data
—  Posterior




w—  Prior
] - [Data
—  Posterior

Uncertainty Propagation




Time

w—  Prior
- Data
—  Posterior




Time

= Prior
- Data
- Posterior

Bayes Theorem




Posterior Likelihood Prior

P(6l) P(y[0)P(0)

BAYES
THEOREM

Prior
Data
Posterior

Returns full probability
distribution (uncertainty)

Inherently iterative

Data Handle's complexity of the

Posterior

real world

Capture’s prior knowledge
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Forecast

Forecasts should be updated when new data
pecomes available

P(0|y)cP(y|0)P(0)



State-Variable Data Assimilation

50

Carben flux (g/m2/yr)

-50

-100

= = prior
- (ata
— posterior

= = prior
w—— posterior

0.012

Probability

Probability
0.008

0.004

0.000

l I T T
0.2 0.4 06 0.8

Fraction Conifer

Updated State

Fraction Conifer

G\y oc P y\@

Data

-150 -100 -50 0 90 100

Carbon flux (g/m2/yr)

Model
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HOW DO WE MEASURE PREDICTABILITY?

Background/null uncertainty

'. .
|

|

|

= f(IC, X, 0, a, 0)

Uncertainty

N |
_ Forecast limit _ |

Decision relevant scales

Time, Space



Dietze 201/ Ecological Applications

WHAT CAUSES VAR TO
INCREASE WITH TIME?

s

(Z_g) w + Varlal |+ Varlel

S IC ——  driver R param param process
stability uncert driver yncert param uncert variability error

Var|Y, 41| = (%)2 VarlY,| + (Z—)j;)z Var|X] +

— INTERNAL + EXTERNAL + PARAMETERS + RANDOM | PROCESS

EFFECTS ERROR

Residual

301 381050




WEATHER FORECASTING: NS,

Y
AN INITIAL CONDITIONS PROBLEM stability uncert

=S
ingo & Palmer. 2011. Phil. Trans. R. Soc. A
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DISCOVER WHETHER
NATURE IS PREDICTABLE




ECOLOGICAL FORECASTING

s more than forward simulation
Requires a fusion of models and data

Must address multiple sources of uncertainty and
variability

Think Probabilistically!!

Needs advances in theory and methods



